US008882990B2

a2 United States Patent

Hallen et al.

US 8,882,990 B2
Nov. 11, 2014

(10) Patent No.:
(45) Date of Patent:

(54) DEOXYGENATION OF FATTY ACIDS FOR (56) References Cited
PREPARATION OF HYDROCARBONS
. U.S. PATENT DOCUMENTS
(75) Inventors: Richard T. Hallen, Richland, WA (US);
Karl O. Albrecht, Richland, WA (US); 1,953,232 A 4/1934 Jaeger
Heather M. Brown, Kennewick, WA é’gfg’g (1)2 ﬁ lg; }gg‘; JG?{‘;%"L cal
. O 4 ) ) 1bert et al.
(US); James F. White, Richland, WA 2,816,906 A 12/1957 Gilbert et al.
(Us) 2,902,512 A 9/1959 Verheyden et al.
H . s . s 3,391,191 A 7/1968 Velde
(73) Assignee: sz:tellg Memorial Institute, Richland, 3476803 A 11/1969 Pine
(*) Notice: ngnggt 1)0 any disclaimer, the term of this g’ggg’égg ﬁ ?;}g;g E‘(’)Irlltr(z)r;
%atselg ilSSZ’(‘SI;de(ll;; dadju“ed under 35 3.660491 A 5/1972 Thigpen et al.
S.C. y ays. 3,732,263 A 5/1973 Berman
3,856,876 A 12/1974 Burnett
(21)  Appl. No.: 13/620,197 3,962,035 A 6/1976 Anlos
k 4,102,938 A 7/1978 Rao
(22) Filed: Sep. 14, 2012 4,262,157 A 4/1981 Horietal.
(65) Prior Publication Data 4,303,486 A 12/1981 Bard e_zt al_.
4,320,241 A 3/1982 Frankiewicz
US 2013/0018213 Al Jan. 17, 2013 4,554397 A 11/1985 Sternetal.
4,950,763 A 8/1990 Schommer et al.
Related U.S. Application Data (Continued)
(62) Division of application No. 12/848,887, filed on Aug. FOREIGN PATENT DOCUMENTS
2,2010, now Pat. No. 8,366,907.
CA 1201080 2/1986
EP 0478075 4/1992
(51) Imt.ClL
C10M 101/00 (2006.01) (Continued)
CI10M 177/00 (2006.01) OTHER PUBLICATIONS
C10G 71/00 (2006.01) Ai, M., “Activities for the decomposition of formic acid and the
C10G 3/00 (2006.01) acid-base properties of metal oxide catalysts,” Journal of Catalysis,
B01J 23/62 (2006.01) 50, (2), 291-300, 1977.
C1IC 3/00 (2006.01) Al, MI.T,_“Thefa\c’\t/i(V)it}{) of \3/03-:3211%;1 mix;d-oxi%e;atalys{;: I ItACI;dtlc
properues o -based catalysts ana correlation wi catalytic
CI0L 1/12 (2006.01) activity.” Journal of Catalysis, 49, (3), 305-312, 1977.
B01J 37/02 (2006.01) Ai, M., “The oxidation activity and acid-base properties of SnO,-
BO1J 21/18 (2006.01) léaste(} b_inezr(})f Eg;agylsgs 3216 gléeSSnOZ—VZO5 system,” Journal of
atalysis, 40, (3), =326, .
B01J 21/06 (2006.01) Al, M.;Ikawa, T., The acid-base properties of MoO,—Bi,0; —P, Oy
B01J 23/652 (2006.01) catalysts and their correlation with catalytic activity and selectivity.
CI0L 1/08 (2006.01) Journal of Catalysis, 40, (2), 203-211, 1975.
(52) US.CL Ai,alM.; Suiuki, S.l, ‘;E)é(ida;ion a;givi(gy) a;gzagl;illtyl (9)5 é\/IOO3—PZO5
catalysts,” Journal of Catalysis, 30, (3), =371, .
CPC ....cccc... B01J 23/6525 (2013.01); C10G 3/48 Aizenshtat, Z.; Miloslaysky, L.; Heller-Kallai, L., “The effect of
(2013.01); B01J 23/626 (2013.01); C11C 3/00 montmorillonite on the thermal decomposition of fatty acids under
. . “bulk flow” conditions,” Organic Geochemistry 7, (1), 85-90, 1984.
(2013.01); CI0L 2200/0469 (2013.01); BO1J Alencar, J. W.; Alves, P. B.; Craveiro, A. A., “Pyrolysis of tropical
23/624 (2013.01); C10G 2400/04 (2013.01); vegetable oils,” Journal of Agricultural and Food Chemistry, 31, (6),
CI0L 1/1208 (2013.01); B01J 37/0205 1268-1270, 1983.
(2013.01); B01J 21/18 (2013.01); C10G (Continued)
2300/1014 (2013.01); CI10L 2270/02 (2013.01); . . .
BOLJ 21066 (2013.01);, C10G 2400/30 .7 mary Examiner — Shawquia Young
N 74) Att Agent, or Firm — K1 ist Sparkman, LLP
(2013.01); CI10G 23004081 (2013.01); Clog (3 Attorney, Agent, or Firm — Klarquist Sparkman,
2300/4012 (2013.01); C10G 2300/1018 ~ (57) ABSTRACT
(2013.01); BO1J 37/0203 (2013.01); YO2T Embodiments of methods for making renewable diesel by
50673 (OIS 01): CIL 108 Q01301 CioG - degsysnaing (Gecatonylang b ey d
2300/4018 (2013.01); YO2E 50/13 (2013.01); acids are exposed to a catalyst selected from a) Pt and MO, on
CI0G 2400/08 (2013.01); C10G 3/47 Zr0, (M is W, Mo, or a combination thereof), or b) Pt/Ge or
(2013.01); BO1J 23/6527 (2013.01); C10G Pt/Sn on carbon, and the catalyst decarboxylates at least 10%
2300/44 (2013.01); CIOL 2270/04 (2013.01); of the fatty acids. In particglar embodimeglts, the catalyst
CI0G 2300/205 (2013.01); C10G 3/44 consists essentially of 0.7 wt % Pt and 12.Wt % WO.3, relative
(2013.01) to a mass of catalyst, or the catalyst consists essentially of a)
: Swt%Ptand b) 0.5 wt % Ge or 0.5 wt % Sn, relative to amass
USPC ..o 208/18; 208/63; 585/734, 585/737 of catalyst. Deoxygenation is performed without added
(58) Field of Classification Search hydrogen and at less than 100 psi. Disclosed embodiments of
CPC oo C10L 2270/04; C10G 2300/205; the catalysts deoxygenate at least 10% of fatty acids in a fatty
C10G 3/44; C10G 3/48; BO1J 23/626 acid feed, and remain capable of deoxygenating fatty acids
USPC oo 208/18, 63; 585/734,737 ~ foratleast 200 minutes to more than 330 hours.

See application file for complete search history.

20 Claims, 31 Drawing Sheets



